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REMARKS/ ARGUMENTS 

Favorable reconsideration of this application is respectfully requested. 

Claims 1-20 are present in this application and are rejected under 35 U.S.C. § 1 12, 

second paragraph. 

The drawings are objected to under 37 C.F.R. § 1.83(a). 

The specification was objected to as not having an abstract on a separate sheet and for 
the reference to a claim on page 1, line 2. Guidelines were suggested for arrangement of the 
specification. 

First, Applicant has carefully amended the specification and provided the attached 
substitute specification indicating the changes to the specification. The changes primarily 
relate to the correction of formal matters and the rearrangement of text in the application, A 
new Abstract is prepared on a separate page and the objection to the reference of a claim on 
page 1 has been deleted. No new matter has been added. 

The objection to the drawings were based upon the language in claim 1 regarding "the 
another electrically conducting element" and "other electrically conducting element." Claim 
1 has been amended to more clearly set forth the claimed elements. Reference is made to 
Figures 1 and 2 as a non-limiting example of the substrate of claim 1 . An electrically 
conducting and beatable coating is indicated as 2, the electrically conducting element is that 
portion of covering 6 in contact with the edges of the window 5 and in contact with coating 2, 
and the portion of covering 6 in the window 5 is the covering. Thus, each of the elements of 
claim 1 is believed to be shown in the drawings, and withdrawal of the objection to claim 1 is 
respectfully requested. 

The drawings were also objected to for slot antennas recited in claim 7, Claim 7 is 
amended to recite that the interruptions in the covering comprise slot antennas tuned to the 
communication radiation through the communication window. As shown in Figures 1 and 2, 
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slots 7 are formed in the coating 6. As described in the originally filed specification on pages 
5 and 6, the openings are tuned the wavelengths of the communication radiation. 
Accordingly, the drawings are also believed to show the slot antennas recited in claim 7. 

Lastly, the drawings are object to as not illustrating a sun visor. The covering 6 is 
opaque to light and acts as a sun visor, which is shown in Figure 1 and is described on page 8, 
lines 28 and 29. Accordingly, the sun visor of claim 13 is also believed to be shown in the 
drawings. 

Withdrawal of the objection to the drawings is respectfully requested. 
In response to the § 1 12, second paragraph, rejection, the claims have been amended 
to address each of the objections noted in paragraph 7 of the Office Action, and have been 
amended to make formal corrections and improve the grammar. It is respectfully submitted 
that claims 1-20 are in full compliance with the requirements of § 112, second paragraph. 
Withdrawal of the § 1 12, second paragraph, rejection is respectfully requested. 

It is respectfully submitted that the present application is in condition for allowance, 
and a favorable action to that effect is respectfully requested. 



Respectfully submitted. 
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MARKED-UP COPY 
SUBSTITUTE SPECIFICATION 



TITLE OF THE INVENTION 

SUBSTRATE WITH AN ELECTRICALLY CONDUCTING COATING AND A 

COMMUNICATION WINDOW 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention pertains to a coated substrate, preferably transparent, with a 
communication window , exhibiting the charact e riGticG of th e pr e ambl e of claim 1 allowing 
information to be transmitted therethrough . 

DESCRIPTION OF THE RELATED ART 

Patent DE 195 03 892 CI discloses measures for reducing the shielding of coated 
panes in regard to microwave rays transmitting information. Such panes with electrically 
conducting and optically transparent coatings find their application as thermal insulation 
panes reflecting infrared rays (IR) and/or as electrical heating panes both for the glazing of 
buildings and for the glazing of vehicles. 

In vehicles, they form together with a metal bodywork a Faraday cage, which protects 
the interior space of the vehicle against electromagnetic fields. In construction aloft also, 
premises can be protected electrically through the use of panes with an electrically 
conducting coating and a corresponding electrically conducting structure of the other walls. 
With shieldings of this nature, sensitive apparatus such as control computers can be protected, 
in the region of construction, against the disturbing influences due to radiophonic emitters or 
to radar installations of large power. 

Moreover, neither does the shielding allow through electromagnetic radiation in the 
microwave region, which is used as carrier wave for information. If an emitter and/or a 
receiver is situated alongside the antenna in a protected (vehicle) space, transmission 
problems occur. For example, systems for determining the position of the vehicles, for 
remote control, for identification, for fixing tolls, or the like are disturbed. 

It is known for systems of layers to be structured a posteriori, mechanically or 
thermally, by removing lines of the layer deposited initially in a continuous manner. In 
particular, extraordinarily narrow slots can be produced in the layer with laser rays. In the 
aforesaid state of the art, there is devised as remedy in the electrically conducting layer at 
least one slot forming a radiating slot, with a length tuned to the wavelength of the 
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microwave radiation and a very small free surface area, through which the energy radiating in 
the microwave range picked up by the conducting layer can again be decoupled. A so called 
communication window is thus formed. 

If the working frequency for the transmission of information equals for example 5.8 
5 GHz, as is envisaged for the automatic fixing of tolls on motorways ("remote payment") 

(DSRC standard with a mean frequency of 5.8 GHz with circular polarization) and if the slots 
are provided mainly for the transmission of the microwaves of this frequency, they will be 
appropriately designed for the resonant length of X/2, taking account of the dielectric 
constants of the glass. 

1 0 Should the information be transmitted with circularly polarized microwaves (that is to 

say the instantaneous plane of oscillation of the waves rotates about its axis of propagation, 
so that the waves oscillate inside a circular envelope curve), appropriate provision is made for 
gaps in the form of cruciform slots in the layer. The length of the two slots is again tuned in 
an appropriate manner to the wavelength of the microwaves used and corresponds to the 

15 value V2 of the microwaves used, taking account in a corresponding manner of the dielectric 
constants of the glass. 

Comparative measurements of the damping of a microwave radiation of frequency 5.8 
GHz indicate, in this state of the art, that with a laminated pane exhibiting radiating slots in 
the coating, appreciably weaker damping of transmission, for high frequency radiation, is 

20 obtained than with a fully coated laminated pane, and that it is possible to approach the 
damping of an uncoated laminated pane. 

Document DE 198 17 712 CI describes a similar substrate with a communication 
window in a coating, which is produced by the creation of a structure in the form of fine lines 
or fine patterns in a limited part of the surface of the coating and which is visually very 

25 discreet. 

The formation of resonating structures in the conducting coating poses problems 
however. Results of trials have shown that the high frequency currents necessary for 
compensation, in the overall system formed by the dielectric substrate and the conducting 
coating, were not able to flow on account of the high surface resistance or of loss of the usual 
30 conducting coatings. 

Document WO 00/72635 Al describes a transparent substrate with a coating that 
reflects IR and a communication window made by the surface removal or the omission of the 
coating. In contradistinction to communication windows made solely in the form of fine 
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lines, discussed in the introduction, this variant forms a disturbance of the coating which is 
markedly perceptible to the eye through a difference in color at the boundary of the coating. 

This disturbance poses a problem in particular, when the coating is used at the same 
time for the electrical heating of the substrate. For this purpose, a voltage is applied to the 
5 coating with the aid of at least one pair of electrodes (in the form of bands), the currents 
having to be introduced and distributed as uniformly as possible in the surface of the layer. 
For vehicle panes, which are appreciably wider than high, most of the time the band shaped 
electrodes are situated along the longer sides of the pane, so that the heating current can flow 
over the shortest path over the height of the pane. At the same time, the communication 
1 0 windows are situated on the upper rim of the pane and here extend over a width of several 
centimeters. 

Manifestly, each communication window affecting the homogeneity of the coating 
forms a disturbance of the current flow. Local temperature spikes ("hot spots") appear which 
may lead to damage to the substrate (thermal stresses) and to the coating itself. This is not 

15 only the case when the coating is of large extent, but also when the communication window 
is formed by a larger or smaller number of discontinuous individual slots. The latter also 
form in the zone of the surface considered an appreciable increase in the resistance of the 
layer and also in addition cause the appearance of the hot spots mentioned above. 

The document cited last proposes, as a_measure aimed at reducing the disturbing 

20 effect of the large communication window, that provision be made on the edge of the latter 
for an electrically conducting band, which exhibits a much smaller ohmic resistance per unit 
area than the heating layer. This ought to cause the currents to bypass the cut-out. 
Preferably, a communication window is entirely flanked by such a band. The band may be 
fabricated by printing and baking a conducting silk screen printing paste, containing silver. It 

25 may, however, also be applied by depositing an electrically conducting lacquer or by laying a 
metallic band. In all cases, an electrically conducting functional bond is naturally necessary 
between the band and the coating. 

The band may be masked from view by the superposition of an electrically 
nonconducting, opaque masking band, made for example of black enamel. Such masking 

30 bands are as a general rule composed of a nonconducting substance, black in color, which 
may be baked (silk screen printing paste). An infrared radiation is not reflected, but 
absorbed, by this substance. 

SUMMARY OF THE INVENTION 
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The problem underlying the invention is to procure a more improved substrate with a 
beatable coating and a communication window made in the latter. 

For this purpos e , One embodiment of the invention propos e s includes a substrate, in 
particular window pane, with an electrically conducting and beatable coating, at least one 
5 communication window made in the latter in the form of an interruption of said coating, the 
window being able to allow through a so call e d communication radiation used as signal 
carrying information to be transmitted therethrough and whose wavelength lies in a span of 
wavelengths that can be reflected or absorbed by the coating, and another an electrically 
conducting element in contact with at least one part of edges of the window and in contact 
1 0 with the coating, the communication window being provided with an electrically conducting 
covering and linked electrically to said oth e r electrically conducting element. 

On account of th e fact that th e communication window, h e nc e a zon e of th e surface 
not coat e d with the beatable coating which pref e rably r e fl e ct s IR, is provided with a cov e ring 
according to th e inv e ntion which is its e lf e l e ctrically conducting (p e rm e abl e to DC curr e nt), 
15 which is in its turn in electrically conducting bonding with the coating dir e ctly or by way of 
th e oth e r e l e ctrically conducting e l e m e nt, curr e nts (for heating) can flow in this zon e . Th e 
cov e ring forms an e l e ctrical bypass or a bridg e . 

Th e cov e ring may b e produc e d b e for e or aft e r depositing th e coating on th e substrat e . 

In an advantageous e mbodim e nt, which is simpl e to e mbody, the covering is 
20 d e posit e d on th e coating in such a way that it covers on all th e sides the edg e s of th e 

communication window without coating and furth e rmor e comprises said oth e r e l e ctrically 
conducting e l e ment. 

Pr e f e rably, the cov e ring may e xhibit a low e r ohmic r e sistanc e p e r unit surfac e ar e a 
than the ohmic r e sistanc e p e r unit surfac e area of said coating. 
25 Th e coating can b e e n e rgiz e d and h e nc e h e at e d by an e lectrical voltag e by m e ans of at 

l e ast two e lectrodes, the el e ctrically conducting covering is situat e d in th e current flovy^ 
between the electrodes. 

Th e covering can also b e h e at e d in the form of resistance h e ating. 

Th e cov e ring is abl e to allow through the communication radiation to b e transmitt e d 
30 through th e communication window or which only w e akly att e nuat e s said radiation. 

Interruptions can advantageously bo made in the covering, w^hich increase its 
p e rm e ability to said communication radiation through the communication window^ but which 
do not how e v e r pr e v e nt curr e nt flow through th e cov e ring. 
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According to a preferr e d r e fin e m e nt of th e invention, appropriato re s onant s tructur e s 
ar e created in the covering in the form of openings or interruptions, the dimcnsionG of which 
may bo tuned in a mann e r known per se to th e charactoristics of the communication radiation 
(frequ e ncy, wav e l e ngth, polarization, e tc). 
5 Th e probl e m m e ntion e d in th e introduction, r e lating to ov e rly w e ak comp e nsation 

currontG, mani foots itself in a mark e dly l e ss pronounc e d mann e r with cov e rings according to 
th e inv e ntion, in particular wh e n the latt e r hav e a s ubstantially bett e r conductivity (not as 
larg e a s urfac e r e sistanc e ) than th e substanc e of the coating. 

If th e op e nings or int e rruption s in the covering ar e fabricat e d with as small a surfac e 
10 ar e a a s possibl e , no appreciabl e limitation can b e discern e d nor any int e rruption in th e curr e nt 
paths in th e covering, d es pit e th e prov e n good e ff e ct on th e transmission of th e w^av e lengths 
consid e r e d h e r e , b e cause "d e ad" zones b e twe e n th e int e rruptions may be avoid e d or e v e n 
e ntir e ly e liminat e d. It has b e en pos s ibl e to confirm this situation with the aid of 
th e rmographs of exp e rim e ntal sampl es . 
15 In a v e ry pr e f e rr e d mann e r, th e dimensions of the op e ning s in th e cov e ring ar e tuned 

to th e V i ^av e l e ngth(s) of th e communication radiation. 

Giv e n that th e cov e ring is pr e f e rably int e rrupt e d only locally, so as not to disturb its 
general oloctrical conductivity, only slots e nt e r into th e r e ckoning as opening structur e s. 
Th e s e slot structures ar e dispos e d as a fi e ld in th e zon e of th e cov e ring. 
20 Th e int e rruptions may pr e f e rably b e form e d in various dir e ctions, in particular 

p e rp e ndicularly to on e anoth e r, in particular if a communication radiation e xhibiting circular 
polarization is transmitted. 

Structur e s such as polygons, e llips es and circl e s as well as cross e s may be choson. 
Structur e s of polygons or of e llips es which ar e by natur e clos e d may how^ e ver form passiv e 
25 "isl e ts" of surfac e in the cov e ring, on vv^ho se e dg e s hot spots may again form. 

A mor e advantag e ou s e mbodim e nt would b e a cross, which is composed of four e qual 
branch es with a l e ngth (X/ 4 ) corresponding to a quart e r of the w^av e l e ngth of th e radiation 
consid e red. Each of the four slot s forms a slot antenna. It is op e n on ono side and is 
short e n e d by half th e l e ngth of th e p e rpendicular slot. Mor e ov e r, it receives a capacitivo load 
30 via th e dispersion fields in the perpendicular slot, that is to say it is e xt e nd e d. 

For th e l e ngth of th e individual slots, this r es ults to a first approximation in a 
r e sonator short e n e d by half th e width of th e slot. Th e re s onant fr e qu e ncy of th e cross shaped 
slot is th e r e for e e qual to th e r e sonant fr e qu e ncy of a simple s lot, short e ned by half its own 
width. 
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Th e horizontal and v e rtical distance of individual s tructur e s with r e sp e ct to one 
anoth e r may preferably b e less than the wav e l e ngth X. Tho slot width may pref e rably b e X/10> 

For e xampl e , having r e gard to th e param e t e rs of th e matorials, th e permittivity and th e 
5 lo s s factor of the glass mat e rial and adhesiv e film material (PVB for oxamplo) in tho 

laminat e d glass, th e following th e or e tically optimal dim e nsion s result: h e ight and width of 
th e crosses 1 1.5 mm, slot width 0.5 mm, distanc e of the c e nters of the cros se s 15 mm. With a 
tight layout such as this of th e cross e s in lin e s, only cov e ring portions of around 3.5 mm wid e 
would how e v e r r e main b e tw ee n th e e xtr e miti e s of two arms of cross e s. Th e se portion s may 
10 again form constrictions for th e curr e nt flow, and hot spots may again app e ar. 

To limit th e se constrictions, tho cross structure may b e r e placed with a periodic 
s tructur e compos e d of individual slot s di s pos e d in lin es , alt e rnat e ly p e rpendicular with 
r e sp e ct to on e anoth e r. Th e optimal length for r es onating slot structur e s corr e sponds to half 
th e wavolongth (>W2) of tho radiation considered with a fr e qu e ncy of 5. 8 GHz, with 
1 5 c/(P v ^ f) th e di e l e ctric constant C f of a laminated pane equals around 4 .7. In th e pr es ent 
e x e mplary e mbodiment, resonating structur e s th e r e fore hav e a l e ngth of around 12 mm. 

Oth e r fr e quencies and other wavelengths as well as other substrates would l e ad to 
diff e r e nt valu e s. 

Pr e f e rably, th e cov e ring may b e manufactur e d by printing, in particular by silk s cr ee n 
20 printing of an e l e ctrically conducting ink. 

This fabrication proc e dur e may b e int e grated as far as possibl e into the ostablishod 
proc e ss for producing tho substrates considorod, in particular vehicle windshields. Since thoy 
ar e mostly already provid e d with patt e rns or bands by silk scr ee n printing. 

Th e sh ee t r e sistanc e of th e printing ag e nt us e d as cov e ring may pr e f e rably b e l es s than 
25 2 ohmS s^ttftFe . Th e latt e r value is a t>pical value for the surface resistanc e of an e l e ctrically 
conducting transparent coating. 

Provision may b e mad e for at l e ast two e lectrod es in th e form of bands, applied by 
printing, in particular by silk screen printing, so as to introduce a heating voltag e into tho 
coating. 

30 Th e cov e ring and th e e l e ctrod e s may b e compos e d of th e sam e substanc e and may 

pr e f e rably be print e d in a single op e ration. 

Good transmission r e sults w e r e obtained with a slot width of 1 mm. 

Th e horizontal and v e rtical distanc e s of th e slots with r e sp e ct to one another equaled 
12.75 mm. For th e e xp e rim e ntal fabrication of the covering, a black silver paste DR 0 8 03 
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was e mployed (a glassy e nam e l for baking, manufactur e d by F e rro). After baking, this pa ste 
had a shoot rosistance of around 15 mQ sq^ > Its thickness is pr e f e rably in th e rang e 8 15 ^im. 

With th e aid of th e rmographs, it is clearly appar e nt that no notabl e hot spot occurr e d 
and that no notable surface heating power was provid e d in the zone of th e cov e ring. Sinuous 
5 curr e nt paths form, which have a sufficiently constant width e v e rywh e re, so as to avoid local 
overh e ating. 

An advantag e ous t e chnological objectiv e of th e inv e ntion is to achi e ve, in the zone of 
the communication window, a transmission that is comparabl e to normal laminated pan e s (2 
4 dB damping) for the communication radiation, and is alr e ady achi e v e d in this way. 
10 This objective has a higher priority than th e h e ating of the pane in th e zon e of th e 

communication window, which an>way is not transpar e nt, or which is only partially so, on 
account of th e cov e ring. 

If tho region of the cov e ring n e verth e l e ss contribut e s to th e h e ating of th e surfac e , for 
exampl e to obtain a mor e homog e nous distribution of heat in the substrate, th e cov e ring is 
15 th e n made with a markedly larg e r surface r e sistanc e . 

This may however b e obtained through a r e duction in the thickn e ss of th e d e position, 
a reduction in th e content of conducting pigments (for e xample tho silver content) in tho silk 
scroon printing inlc, anoth e r m e thod of deposition for th e cov e ring, via a tight e r layout of th e 
structures, this listing of m e asures not being e xhaustiv e . 
20 Conv e rsely, a p e rson skill e d in th e art may apply any mea s ur e which s e ems suitable 

to him to adapt th e r e sistanc e of th e cov e ring as a function of concr e t e r e quir e m e nt s , without 
ther e by d e parting from th e scop e of th e inv e ntion. 

It i s not absolut e ly n e c e ssary to use a baking typ e printing ink (r e sistant to high 
t e mp e ratur e ) for th e covering, sinc e cas es of application with no baking op e ration may b e 
25 envisag e d. Giv e n that th e cov e ring is in g e n e ral plac e d routin e ly in a position prot e ct e d 

insid e a laminat e d pan e , it may in principl e also b e compos e d of mechanically l e ss r e sistant 
substances, for exampl e of organic conducting inks. 

Th e e l e ctrical parameters indicat e d h e r e and in w^hat follows, like tho shoot 
r e sistanc e s, th e e l e ctrical pow e r s and the minimum transmission of light of v e hicle pan e s ar e 
30 practical valu e s. It go e s without saying that th e y do not limit th e application of th e inv e ntion, 
but that th e latt e r may also b e us e d for pan e s e xhibiting oth e r limit valu e s of transmis s ion, 
oth e r valu e s of the op e rating voltag e and ( s mall e r) sh ee t r e sistances. 

Tho covering may form at l e ast in part a sun visor, pr e f e rably situat e d b e tw ee n two 
fold down sun visors. 
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Th e substrat e may b e conGtitut e d by a laminat o d pan e composed of a first rigid pane 
provid e d with th e coating and th e cov e ring, said other e l e ctrically conducting e l e ment, an 
adh e siv e layer and a second rigid pane. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Other details and advantages of the subject of the invention will become apparent 
through the drawings in which: 

In those drawings, constituting simplifi e d repr e s e ntations, not to scale: 
6 jg FIG . 1 is a partial view of a vehicle windshield coated with a communication 
10 window provided in the coating and a conducting covering on top of the window; and[[,]] 
fi g FIG . 2 is a representation in section along the line II II of fig FIG . 1 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In one embodiment of the present invention, a substrate, in particular window pane, 

15 has an electrically conducting and beatable coating, at least one communication window 
made in the coating in the form of an interruption. The window allows communication 
radiation used as signal carrying information to be transmitted therethrough and whose 
wavelength lies in a span of wavelengths that can be reflected or absorbed by the coating. On 
account of the fact that the communication window, hence a zone of the surface not coated 

20 with the beatable coating which preferably reflects IR, is provided with a covering according 
to the invention which is itself electrically conducting (permeable to DC current), which is in 
its turn in electrically conducting bonding with the coating directly or by way of another 
electrically conducting element, currents (for heating) can flow in this zone. The covering 
forms an electrical bypass or a bridge. The covering may be produced before or after 

25 depositing the coating on the substrate. 

In an advantageous embodiment, which is simple to embody, the covering is 
deposited on the coating in such a way that it covers on all the sides the edges of the 
communication window without coating and furthermore comprises said other electrically 
conducting element. Preferably, the covering may exhibit a lower ohmic resistance per unit 

30 surface area than the ohmic resistance per unit surface area of said coating. The coating can 
be energized and hence heated by an electrical voltage by means of at least two electrodes, 
the electrically conducting covering is situated in the current flow between the electrodes. 
The covering can also be heated in the form of resistance heating. The covering is able to 
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allow through the communication radiation to be transmitted through the communication 
window or which only weakly attenuates said radiation. 

Interruptions can advantageously be made in the covering, which increase its 
permeability to said communication radiation through the communication window but which 
5 do not however prevent current flow through the covering. 

According to a preferred refinement of the invention, appropriate resonant structures 
are created in the covering in the form of openings or interruptions, the dimensions of which 
may be tuned in a manner known per se to the characteristics of the communication radiation 
(frequency, wavelength, polarization, etc). 
10 The problem mentioned above, relating to overly weak compensation currents, 

manifests itself in a markedly less pronounced manner with coverings according to the 
invention, in particular when the latter have a substantially better conductivity (not as large a 
surface resistance) than the substance of the coating. 

If the openings or interruptions in the covering are fabricated with as small a surface 
15 area as possible, no appreciable limitation can be discerned nor any interruption in the current 
paths in the covering, despite the proven good effect on the transmission of the wavelengths 
considered here, because "dead" zones between the interruptions may be avoided or even 
entirely eliminated. It has been possible to confirm this situation with the aid of 
thermographs of experimental samples. 
20 In a very preferred manner, the dimensions of the openings in the covering are tuned 

to the wavelength(s) of the communication radiation. 

Given that the covering is preferably interrupted only locally, so as not to disturb its 
general electrical conductivity, only slots enter into the reckoning as opening structures. 
These slot structures are disposed as a field in the zone of the covering. 
25 The interruptions may preferably be formed in various directions, in particular 

perpendicularly to one another, in particular if a communication radiation exhibiting circular 
polarization is transmitted. 

Structures such as polygons, ellipses and circles as well as crosses may be chosen. 
Structures of polygons or of ellipses which are by nature closed may however form passive 
30 "islets" of surface in the covering, on whose edges hot spots may again form. 

A more advantageous embodiment would be a cross, which is composed of four equal 
branches with a length (X/4) corresponding to a quarter of the wavelength of the radiation 
considered. Each of the four slots forms a slot antenna. It is open on one side and is 



shortened by half the length of the perpendicular slot. Moreover, it receives a capacitive load 
via the dispersion fields in the perpendicular slot, that is to say it is extended. 

For the length of the individual slots, this results to a first approximation in a 
resonator shortened by half the width of the slot. The resonant frequency of the cross shaped 
5 slot is therefore equal to the resonant frequency of a simple slot, shortened by half its own 
width. 

The horizontal and vertical distance of individual structures with respect to one 
another may preferably be less than the wavelength X. The slot width may preferably be X/10. 
For example, taking into consideration the parameters of the materials, the permittivity and 

10 the loss factor of the glass material and adhesive film material (PVB for example) in the 

laminated glass, the following theoretically optimal dimensions result: height and width of 
the crosses 1 1 .5 mm, slot width 0.5 mm, distance of the centers of the crosses 15 mm. With a 
tight layout such as this of the crosses in lines, only covering portions of around 3.5 mm wide 
would however remain between the extremities of two arms of crosses. These portions may 

15 again form constrictions for the current flow, and hot spots may again appear. 

To limit these constrictions, the cross structure may be replaced with a periodic 
structure composed of individual slots disposed in lines, altematelv perpendicular with 
respect to one another. The optimal length for resonating slot structures corresponds to half 
the wavelength fXgi/2) of the radiation considered with a fi^equencv of 5.8 GHz, with \ >i = 

20 c/(f^\L) and the dielectric constant €r of a laminated pane equals around 4.7. In the present 
exemplary embodiment, resonating structures therefore have a length of around 12 mm. 

Other frequencies and other wavelengths as well as other substrates would lead to 
different values. 

Preferably, the covering may be manufactured by printing, in particular by silk-screen 
25 printing of an electrically conducting ink. This fabrication procedure may be integrated as far 
as possible into the established process for producing the substrates considered, in particular 
vehicle windshields, since the windshields are mostly already provided with patterns or bands 
by silk screen printing. 

The sheet resistance of the printing agent used as covering may preferably be less than 
30 2 ohms/square. The latter value is a typical value for the surface resistance of an electrically 
conducting transparent coating. 

Provision may be made for at least two electrodes in the form of bands, applied by 
printing, in particular by silk-screen printing, so as to introduce a heating voltage into the 
coating. 
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The covering and the electrodes may be composed of the same substance and may 
preferably be printed in a single operation. 

Good transmission results were obtained with a slot width of 1 mm. 
As an example, the horizontal and vertical distances of the slots with respect to one 
5 another equaled 12.75 mm. For the experimental fabrication of the covering, a black silver 
paste PR 08 03 was employed (a glassy enamel for baking, manufactured by Ferro). After 
baking, this paste had a sheet resistance of around 15 mQ /square. Its thickness is preferably 
in the range 8-15 um. With the aid of thermographs, it is clearly apparent that no notable hot 
spot occurred and that no notable surface heating power was provided in the zone of the 
10 covering. Sinuous current paths form, which have a sufficiently constant width everywhere, 
so as to avoid local overheating. 

An advantageous technological objective of the invention is to achieve, in the zone of 
the communication window, a transmission that is comparable to normal laminated panes (2 - 
4 dB damping) for the communication radiation, and is already achieved in this way. 
15 This objective has a higher priority than the heating of the pane in the zone of the 

communication window, which anyway is not transparent, or which is only partially so, on 
account of the covering. 

If the region of the covering nevertheless contributes to the heating of the surface, for 
example to obtain a more homogenous distribution of heat in the substrate, the covering is 
20 then made with a markedly larger surface resistance. 

This may however be obtained through a reduction in the thickness of the deposition, 
a reduction in the content of conducting pigments (for example the silver content) in the silk 
screen printing ink, another method of deposition for the covering, via a tighter layout of the 
structures, this listing of measures not being exhaustive. 
25 Conversely, a person skilled in the art may apply any measure which seems suitable 

to him to adapt the resistance of the covering as a function of concrete requirements, without 
thereby departing from the scope of the invention. 

It is not absolutely necessary to use a baking type printing ink (resistant to high 
temperature) for the covering, since cases of application with no baking operation may be 
30 envisaged. Given that the covering is in general placed routinely in a position protected 

inside a laminated pane, it may in principle also be composed of mechanically less resistant 
substances, for example of organic conducting inks. 

The electrical parameters indicated here and in what follows, like the sheet 
resistances, the electrical powers and the minimum transmission of light of vehicle panes are 
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practical values. It goes without saying that they do not limit the application of the invention, 
but that the latter may also be used for panes exhibiting other limit values of transmission, 
other values of the operating voltage and (smaller) sheet resistances. 

The covering may form at least in part a sun visor, preferably situated betw^een two 
5 fold-down sun visors. 

The substrate may be constituted by a laminated pane composed of a first rigid pane 
provided with the coating and the covering, said other electrically conducting element, an 
adhesive layer and a second rigid pane. 

Referring now to the drawings, wherein like reference numerals designate identical or 
10 corresponding parts throughout the several views, the embodiments of the invention will be 
described in more detail. It is noted that the drawings are simplified representations, and are 
not drawn to scale. 

Fig. 1 shows a part of an edge region of a laminated pane 1, which is provided with an 
electrically conducting coating 2, highly transparent to visible light. In the present exemplary 

15 embodiment, this coating is situated, as may be better seen in Fig. 2, inside the composite, 
which is composed of two transparent panes 1.1 and 1 .2 as well as of an adhesive film 3 
bonding them together by surface gluing. The coating 2 is here deposited directly on the pane 
1.2 serving as substrate disposed inside the composite. The view of Fig. 1 is obtained when 
the pane 1.1 and the adhesive film 2 are mentally removed. In the position of fitting as 

20 windshield of a vehicle, the pane 1 .2 forms the exterior pane; the pane 1.1 faces towards the 
interior space of the vehicle. 

The coating 2 is preferably composed of a system of layers having high thermal 
resistance with at least one metallic layer having low ohmic resistance, preferably made of 
silver, as well as other layers, in particular with dielectric properties, having high optical 

25 refringence (antireflection) and, as appropriate, blocking layers. Well known systems of 
layers such as these may be deposited on panes in a flat position and withstand without 
damage the temperatures of 650'^C and above required for the subsequent cambering of the 
panes. The finished laminated pane preferably affords light transmission of at least 70%. 
The finished system of layers has a surface resistance of around 2 to 4 S-sq«eFe 

30 Q /square . It is used as beatable coating and preferably reflects thermal rays (IR radiation). 
For this purpose, the laminated pane 1 is provided, in a manner known per se, with at least 
two current collecting strips on either side of the coating 2, only the upper strip, designated 
by the label 4, being visible here. The two current collecting strips extend in the usual 
manner along the upper and lower sides of the laminated pane in the fitted position. They are 
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made by printing and baking an electrically conducting ink, in particular by silk screen 
printing of a paste with a high silver content. When they are subjected to an electrical voltage 
(DC), the DC electric current flowing between them heats the coating by resistance heating. 

It may be seen that the current collecting strip 4 is situated along the upper rim 
5 represented here on the coating 2, which may already be deposited before the printing of the 
current collecting strip. It is naturally possible also to print the collecting strip first and 
subsequently deposit the coating. 

The coating 2 itself is not extended as far as the exterior edge of the pane 1 .2, so that 
corrosive attacks from the exterior are avoided as far as possible. If the pane 1 .2 is cut out 
10 from an already coated blank, the coating is removed by abrasion at the periphery over a 

narrow band along the edge of the cut-out. In Fig. 2 it may be seen, on the right side, that the 
adhesive film 3 seals the coating 2 towards the exterior. 

Beneath the current collecting strip 4, a superficial zone of the surface of the pane is 
free of coating, so as to obtain a communication window 5 of the type discussed in detail in 
15 the introduction. The coating free superficial zone, surrounded by a rim 2K (indicated by an 
interrupted white line) of the coating 2, may be formed for example by masking during the 
coating operation, or after coating, by local superficial removal of the coating 2 with 
appropriate means, for example by laser treatment or by abrasion. The height/width ratio of 
the communication window serves merely for the representation of the present exemplary 
20 embodiment. It may in reality vary to a greater or lesser extent depending on the type of 
pane, the fitting situation and the customer's requirements. 

In accordance with the invention, the communication window 5 is provided with a 
covering 6, which is made here with an opaque (black) ink. This covering 6 is itself 
electrically conducting. It may be composed of the same substance as the current collecting 
25 strip 4, or also of another appropriate substance. In the first case, it would be possible to print 
the current collecting strips and the covering in a single operation, advantageous from the 
production technique point of view, on the pane 1.2 respectively on the coating 2. In each 
case, the surface ohmic resistance of the covering 6 is markedly lower than that of the coating 
2. 

30 Such a covering generally absorbs infrared radiations through the communication 

window 5. 

A pattern composed of openings 7 is thereupon made in the covering 6. These could 
in principle be made a posteriori, after depositing an initially continuous covering on the 
surface. If the covering is however made by silk screen printing, then the silk screen printing 
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stencil will be manufactured in such a way that the openings 7 are produced in the covering 6 
at the same time as the printing operation. 

In the present example, the openings 7 are made in the manner described in th e 
introduction above , in the form of a regular pattern composed of slots of like length and of 
5 like width that are oriented alternately in the horizontal direction and in the vertical direction 
(perpendicular to one another). This arrangement lends itself well to the passage of circularly 
polarized waves in the zone of the communication window. 

Of course, other arrangements of slots may be more advantageous for other types of 
waves or radiations. 

10 In the present exemplary embodiment, the slots could, with the same effect, be 

oblique instead of being vertical and horizontal, provided that they alternate perpendicularly 
to one another. The widths and the lengths of the slots are not to scale, in particular real slot 
antennas are markedly narrower with respect to the total surface area of the communication 
window 5 . 

15 In all cases, the openings 7 are disposed in such a way that, between the current 

collecting strip 4 and the coating 2/the rim 2K, there are still direct current paths through the 
covering 6 having low ohmic resistance by comparison with the coating 2. In the region of 
the cut line II-II, arrows have been used to symbolically indicate sinuous current paths C 
snaking around the slots 7, which naturally cannot reproduce the real current flows. 

20 Additionally, in numerous vehicle windshields, there is provided, in the region 

situated between the fold down sun visors, a "third sun visor" in the form of an opaque 
covering having a dot motif (see document DE 40 33 188 Al). This covering is in general 
situated on the surface of these panes that faces towards the interior space of the vehicle, and 
it has absolutely no electrical role. 

25 The communication window 5 may be disposed in a vehicle windshield at around the 

middle of the upper rim (as is widespread in contemporary vehicles), the covering 6 may then 
afford the additional function of "third sun visor" in which case it then exhibits, in 
contradistinction to the aforesaid solution, a continuous structure which allows the current to 
flow and it is furthermore disposed in another plane of the laminated pane. 

30 In Fig. 2, the thicknesses of the coating 2 (in reality a few nanometers), of the 

adhesive film 3 (for example 0.38 mm) and of the covering 6 (a few |j.m) are greatly 
exaggerated, not to scale, for reasons of clarity, with respect to the thicknesses of the rigid 
panes 1.1 and 1.2. 
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It may be seen that the current collecting strip 4 is deposited on the coating 2, and that 
the covering 6 for its part covers the edges of the gap in the coating forming the 
communication windov^. The covering 6 electrically spans the gap in the coating 2. Hence, 
hot spots no longer occur. 

The adhesive film 3 which melts during the process of assembling the two rigid panes 
will, unlike the representation, more or less fill in the slots 7. It goes without saying that the 
substance used for the covering just like the substance of the coating and of the current 
collecting strip is preferably compatible with the substance of the adhesive layer and that 
good adherence of the adhesive film to all the surfaces of these layers is preferably 
guaranteed. 

A band of opaque ink 8, which transforms itself into a dot motif in the customary 
manner towards the middle of the pane, has also been disposed alongside the edge, on the 
upper exterior surface of the rigid pane 1.1. It may be disposed in a manner known per se at 
this location and/or on one or more of the other surfaces of the rigid panes situated inside or 
outside the composite, so as to mask the current collecting strip 4 from view. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 
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ABSTRACT OF THE DISCLOSURE 
The invention is aimed at a substrate, in particular window pane [[(1)]], with an 
electrically conducting and heatable coating [[(2)]], at least one communication window 
[[(5)]] made in the latter in the form of an interruption of said coating, the window being able 
to allow through a go called communication radiation used as signal carrying information to 
be transmitted therethrough and whose wavelength lies in a span of wavelengths that can be 
reflected or absorbed by the coating [[(2)]], and another electrically conducting element in 
contact with at least one part of edges of the window [[(5)]] and in contact with the coating, 
characterized in that the communication window [[(5)]] is provided with an electrically 
conducting covering [[(6)]] and linked electrically to the other electrically conducting 
element. 
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